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Abstract: Functional ingredients obtained from industrial by-products (BP) are a 
promising alternative for the nutritional improvement of food industry and may 
enhance their health promoting properties. However, the incorporation of BP 
functional ingredients also influences technological and sensorial properties. The 
main purpose of this study was to obtain a functional jam from watermelon rinds, 
fortified with blueberry and sea buckthorn extracts.  
The results show the presence of bioactive compounds (total polyphenols, 
antioxidant activity) in the selected fruit extracts and the obtained functional jam. It 
is concluded that the finished product obtained is rich in biologically active 
substances and minerals, being beneficial to human health.  
Keywords: watermelon rinds, blueberry, sea buckthorn, jam, bioactive 
compounds 
Introduction 
 The processing of fruits and vegetables can result in large quantities 
of waste materials and by products such as peels and seeds. Over the last 
decade, great efforts have been carried out to develop efficient methods and 
feasible ways of re-using fruits and vegetables by-products for the 
production of food additives or supplements with high nutritional value 
(Mallek-Ayadi et al., 2017). The use of fruit peels has progressively gained 
popularity as they exhibit better biological activities than other fractions 
(Aly-Sayed et al., 2013). In fact, fruit peels are a rich source of bioactive 
compounds and their recovery may be economically beneficial. Indeed, 
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Goulas and Manganaris (2012) reported higher amounts of phenolic 
compounds and ascorbic acid in the peel than in the pulp of most fruits. 
 Watermelon fruit can be categorized as three main components 
which are the flesh, seed, and rind. Watermelon constitutes approximately 
68% flesh, the rind 30%, and the seeds 2% of the total weight. Watermelon 
rind is one of the major solid waste generated by several restaurants, cottage 
fruit juice producers and so on (Bellary et al., 2016). Indeed, melon rind is 
recommended for the treatment of cardiovascular disorders as diuretic, 
stomachic and vermifuge.  
 Moreover, fruit peels are rich in phenolic compounds, flavonoids, 
carotenoids and other biologically active components which have a positive 
influence on health (Moon and Shibamoto, 48 2009). However, these by-
products are often unused and discarded (Mallek-Ayadi et al., 2017). 
 Wild blueberries have also demonstrated a wide collection of health-
relevant bioactivities such as anti-diabetic, anti-hypertensive and anti-
inflammatory effects (Correia et al., 2017). Several studies showed that a 
rich diet in blueberries help to support arterial structure by helping 
maintaining healthy blood flow via LDL oxidation, normal platelet 
aggregation, and endothelial function improvement (Diaconeasa et al., 
2015).  Matchett et al. reported that blueberry flavonoids down-regulate the 
structure-degrading enzyme that enables cancerous cells to spread and 
invade other tissues. 
 Hippophae rhamnoides (sea buckthorn) offer many health benefits.  
It has significant cardio protective  activity  and  exerts  many  positive 
healing  effects  on  the  cardiovascular system,   including   inhibiting   
blood   platelet   activation   (especially   platelet  aggregation), lowering  
cholesterol concentration and blood pressure, and providing antioxidant 
activity.  In addition, sea buckthorn has antibacterial and antiviral 
properties. The leaves and fruits of the plant, and its oils, are sources of 
many bioactive substances including vitamins (A, C and E), unsaturated  
fatty  acids,  phenolic  compounds,  especially  flavonoids,  and  
phytosterols,  which bestow  positive  effects  on  the  cardiovascular  
system (Olas, 2016). The main purpose of this study was to obtain and 
characterize functional jam from watermelon rinds, fortified with blueberry 
and sea buckthorn extracts. 
 
Materials and methods 
 The selected fruits have been purchased from local market Cluj-
Napoca, Romania. Fresh and cleaned watermelon fruiting were separated 
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into pulp, seeds and rinds and the last one was cut into thin slices. The 
blueberry and sea buckthorn were washed, blended and the solid phase was 
separated from the liquid phase.  
 
Yam making 
 In order to obtain the three types of jam, watermelon rind, blueberry 
and sea buckthorn was used as raw material. The yam formulations were 
obtained according to the experimental design (Table 1). Firstly, the 
watermelon rind was boiled at 110 ˚C for 2 hours. The boiled fruit was 
filtered and mixed with honey, blueberry and sea buckthorn extract and 
pasteurized. All the yam formulations were incubated at 85 ˚C for 30h and 
stored at 4 ˚C until analyses. 
 
Table 1. Formulations for the preparation of yam enriched with fruits extract 
Ingredient Y Yb Ysb 
watermelon rind (g) 500 500 500 
blueberry (g) - 250 - 
sea  buckthorn (g) - - 250 
Honey (g) 150 150 150 
Water (g) 300 50 50 




 All the yam samples were analyzed for the degree of liking of 
appearance and colour, texture, taste, overall acceptability using a 9-point 
hedonic scale (1 = disliked extremely, 5 = neither liked nor disliked, 9 = 
liked extremely). Panellists have been rinsing their mouth with water before 
and between each sample. 
 
The total phenolic assay 
 Total polyphenol content of the obtained samples was determined 
according to the method described by Semeniuc et al., 2016 and Christie, 
1989. An aliquot of 25μL sample was transferred into a glass test tube. 
Then, 1.8 mL of distilled water and 120 μL of Folin–Ciocalteu phenol 
reagent were added. After 5 min, 340 μL of sodium carbonate aqueous 
solution (7.5%, w/v) was added to the mixture. After incubation for 90 min 
at room temperature, in dark, the absorbance was read at 750 nm, using a 
Shimadzu UV-1700 Pharma Spec spectrophotometer, against the blank, in 
which the sample was replaced with methanol.  Standard curve was 
118 
 
performed using solution of Gallic acid with different concentration and the 
results were expressed as mg of GAE/100 g sample. 
 
Antioxidant capacity assessment by DPPH method 
 The antioxidant activity was determined using the 2.2- diphenyl-1-
picrylhydrazyl (DPPH) method according to (Odriozola-Serrano et al., 
2008). An amount of 30μl of the methanol extract was transferred into a 
glass test tube with a screw cap, then 270 μL of distilled water and 11.7 mL 
of DPPH solution in methanol (0.025 g/l) were added. The incubation of the 
test sample was carried out in dark, at room temperature for 30 min. The 
absorbance value was read at 515 nm against methanol with a double-beam 
UV-VIS spectrophotometer (Shimadzu 1700 UV-VIS). The positive control 
was prepared using a gallic acid solution (0.5 mg/mL). The negative control 
was prepared using methanol. Results were expressed as percent over 
standard DPPH absorbance according to Eq.(1). 
 
  RSA %=(A_(DPPH- ) A_P)/A_DPPH ×100      Eq.(1) 
 
where, DPPH is the absorbance of DPPH free radical in methanol and Ap –
is the absorbance of DPPH free radical solution mixed with the sample. 
 
Methods for physicochemical evaluation  
 The moisture content was determined using the method described in 
ISO 3728 (2004). Ash  content  was  determined  by incineration  of  the  
sample  in  a  muffle  furnace (L3/11/B170, Nabertherm GmbH, Bremen, 
Germany). 
 
Results and discussion 
Sensory analysis 
 The fortification of yam with blueberry and sea buckthorn extract 
influenced its sensory properties. The results of the hedonic scores for 
sensory attributes (colour, texture, taste and overall acceptability) of the 
samples are shown in Table 2.  
 The addition of blueberry and sea buckthorn extract had a significant 
effect on colour and taste of yam. Yam with blueberry extract was the most 
appreciated by panellists in terms of overall acceptability (8.5 points) and 
blueberry extract (7.4 points).  




 The total phenolic compounds and the antioxidant capacity of the 
control yam and for the combinations with blueberry extract and sea 
buckthorn was determined and the results are shown in Table 3. According 
to the obtained values it can be observed that the bioactive compounds mean 
values between formulations were similar, but they differ significantly from 
the control sample. These findings clearly sustain the beneficial impact of 
the blueberry extract and sea buckthorn addition on bioactive compounds 
content of the obtained product. 
 
Table 2. Hedonic scores of sensory attributes in yam formulations 
Sample Colour Texture Taste Overall acceptability 
Y 7.0 7.4 6.7 7.2 
Yb 8.4 7.7 8.8 8.5 
Ysb 7.9 7.6 7.3 7.4 
Y-control yam; Yb- yam with blueberry extract; Ysb – blueberry extract 
 
  
Table 3. The total phenolic compounds and antioxidant capacity of the fortified and 
control yam 
Parameter Yam Yam with 
blueberry 
extract 




 (mg of GAE/100 g) 
57.21 ± 0.02 125.82± 0.01 135.04± 0.03 
Antioxidant capacity 
(RSA% inhibit) 
3.5 ± 0.0 10.78 ± 0.04 7.82± 0.02 
Values are expressed as mean±standard deviation of two replicates. 
 
 Table 4 shows the chemical composition of the different yam 
fortified with blueberry and sea buckthorn and the results indicate that the 
composition of the obtained samples is very similar.  
 
Table 4. The chemical composition of the fortifiated and control yam 
Parameter Yam Yam with 
blueberry 
extract 
Yam with sea  
buckthorn 
Ash (g/100 g) 0.05 ± 0.0 0.02 ± 0.0 0.07± 0.0 
Moisture (g/100 g) 67.10 ± 0.04 61.96 ± 0.05 63.67± 0.02 






 Functional foods, such as yam, are interesting foods in which fruit 
extracts may be added, mainly because consumers prefer natural instead of 
synthetic ingredients. The results clearly demonstrated that yam fortified 
with fruit extracts improves the biologic active compound content in the 
final products. The results obtained prove that the watermelon rinds and the 
blueberry and sea buckthorn extract are promising sources of natural 




1. Al-Sayed, H. M. A., & Ahmed, A. R. (2013). Utilization of watermelon 
rinds and sharlyn melon peels as a natural source of dietary fiber and 
antioxidants in cake. Annals of Agricultural Science, 58(1), 83–95. 
2. Bellary, A. N., Indiramma, A. R., Prakash, M., Baskaran, R., & 
Rastogi, N. K. (2016). Anthocyanin infused watermelon rind and its 
stability during storage. Innovative Food Science & Emerging 
Technologies, 33, 554-562. doi: 10.1016/j.ifset.2015.10.010 
3. Christie, W. W. (1989). Preparation of methyl ester and other 
derivatives Gas Chromatography and Lipids. A Practical Guide (Vol. I, 
pp. 36-47). UK: Oily Press, Glasgow. 
4. Correia, R., Grace, M. H., Esposito, D., & Lila, M. A. (2017). Wild 
blueberry polyphenol-protein food ingredients produced by three drying 
methods: Comparative physico-chemical properties, phytochemical 
content, and stability during storage. Food Chem, 235, 76-85. doi: 
10.1016/j.foodchem.2017.05.042 
5. Diaconeasa, Z., Leopold, L., Rugina, D., Ayvaz, H., & Socaciu, C. 
(2015). Antiproliferative and antioxidant properties of anthocyanin rich 
extracts from blueberry and blackcurrant juice. Int J Mol Sci, 16(2), 
2352-2365. doi: 10.3390/ijms16022352 
6. Goulas, V., & Manganaris, G. A. (2012). Exploring the phytochemical 
content and the 413 antioxidant potential of Citrus fruits grown in 
Cyprus. Food Chemistry, 131, 39–47. 
7. ISO 3728:2004. Determination  of  total  solids  content  (Reference 
method) 
8. Mallek-Ayadi, S., Bahloul, N., & Kechaou, N. (2017). Characterization, 
phenolic compounds and functional properties of Cucumis melo L. 
121 
 
peels. Food Chem, 221, 1691-1697. doi: 
10.1016/j.foodchem.2016.10.117 
9. Matchett, M.D.; MacKinnon, S.L.; Sweeney, M.I.; Gottschall-Pass, 
K.T.; Hurta, R.A. Inhibition of matrix metalloproteinase activity in 
du145 human prostate cancer cells by flavonoids from lowbush 
blueberry (vaccinium angustifolium): Possible roles for protein kinase c 
and mitogen-activated protein-kinase-mediated events. J. Nutr. 
Biochem. 2006, 17, 117–125. 
10. Moon, J. K., & Shibamoto, T. (2009). Antioxidant assays for plant and 
food components. Journal of Agricultural and Food Chemistry, 57, 
1655–1666. 
11. Nagy  M.,  Semeniuc  C.A.,  Socaci  S.A.,  Pop  C.R., Rotar  A.M.,  
Sălăgean  C.D. and Tofană  M.,2017. Utilization  of  brewer’s  spent  
grain  and mushrooms  in  fortification  of  moked  sausages. Food    
Science    and    Technology    (Campinas), 37:315-320 
12. Odriozola-Serrano, I., Soliva-Fortuny, R., Martín-Belloso, O. (2008). 
Effect of minimal processing on bioactive compounds and color 
attributes of fresh-cut tomatoes. LWT- Food Sci. Technol, 41:217-226. 
13. Olas, B. (2016). Sea buckthorn as a source of important bioactive 
compounds in cardiovascular diseases. Food Chem Toxicol, 97, 199-
204. doi: 10.1016/j.fct.2016.09.008 
14. Semeniuc, C. A., Rotar, A., Stan, L., Pop, C.R., Socaci, S., Mireşan, V., 
Muste, S. (2016). Characterization of pine bud syrup and its effect on 
physicochemical and sensory properties of kefir. CyTA – Journal of 
Food, 2:213-218. 
